We performed a study to determine how often patients with cellulitis of the lower extremities in the absence of trauma, peripheral vascular disease, or chronic open ulcers have ipsilateral interdigital athlete's foot and whether cultures of samples from the involved interdigital spaces would yield potentially pathogenic bacteria. Athlete's foot was present in 20 (83%) of 24 episodes of cellulitis that were studied. Cultures of samples from the interdigital spaces yielded 0-hemolytic streptococci in 17 (85%) of 20 cases, Staphylococcus aureus in 9 (45%) of 20 cases, and gram-negative rods in 7 (35%) of 20 cases. Only /3-hemolytic streptococci were recovered significantly more often from patients than from a group of controls with athlete's foot who did not have cellulitis (P < .01). Athlete's foot may be a common predisposing condition for cellulitis of the lower extremities. In comparison with attempts at microbiological diagnosis such as aspiration and/or biopsy of the area of cellulitis, cultures of samples from the interdigital spaces combined with serial determinations of antistreptolysin titers may offer a simpler noninvasive method of microbiological diagnosis.
In 1984, Baddour and Bisno [1] described a series of patients who had undergone coronary artery bypass grafting and later developed recurrent cellulitis of the leg from which the donor vein had been obtained [1] . These authors found coexistent athlete's foot (tinea pedis) in some of these patients and postulated that the athlete's foot might act as an occult portal of entry for the agent of cellutitis. Following this report, several patients who had not undergone coronary artery bypass surgery were observed to have cellulitis of the lower extremities in association with athlete's foot. Therefore, we undertook a study to further examine the relationship between athlete's foot and cellulitis of the lower extremities and to determine whether bacterial cultures of samples from the ipsilateral interspaces of patients with cellulitis and athlete's foot may be diagnostically helpful.
Patients and Methods
Patients with a diagnosis of cellulitis of the lower extremity who were referred for an infectious diseases consultation Rush North Shore Medical Center between January 1990 and December 1994 were included in this prospective study. Patients with a history of trauma to the involved leg, open ulcers, or peripheral vascular disease (arterial or venous) were excluded. Patients with athlete's foot were identified by the presence of cracks, scaling, fissures, or maceration in the interdigital toe-web spaces.
Specimens for bacterial culture were obtained from all patients by swirling a dry, sterile cotton swab in the involved interdigital spaces for -5 seconds and placing the swab in a Culturette (Becton-Dickinson, Cockeysville, MD) transport tube. Cultures were incubated on blood, Columbia colistinnalidixic acid agar, and MacConkey agar. Coagulase-negative staphylococci and Corynebacterium species that grew in the cultures were not considered to be pathogenic. Titers of antistreptolysin 0 (ASO) were determined for most patients from whom 0-hemolytic streptococci were isolated on one or more occassions; the titers were considered to be abnormal when they were found to be >200 units with use of Behring reagents (Behring, Westwood, MA).
The control group consisted of 30 ambulatory patients who presented to a dermatologist's office for treatment of athlete's foot without cellulitis. A KOH preparation was obtained for each patient and was read by the dermatologist, and swabs for culture were taken from the involved interspaces by the same techniques described above.
Results
Twenty-four episodes of cellulitis of the lower extremities in 22 patients met the criteria for inclusion in the study. During 20 (83%) of these episodes, athlete's foot was present. Patients were often unaware of having athlete's foot at the time; however, many of them reported having had it previously.
Cultures from patients with cellulitis and athlete's foot yielded 34 species of potentially pathogenic microorganisms (table 1) . Gram-positive organisms were isolated in all 20 episodes in which athlete's foot was present. f3-Hemolytic streptococci were isolated in 17 (85%) of 20 episodes (group A streptococci were isolated in four episodes; group B, in three; group C, in one; and group G, in nine) (table 1). Staphylococcus aureus was isolated in nine (45%) of 20 episodes. Gram-nega- nine patients who had recurrent episodes of cellulitis of the saphenous-vein donor extremity after they underwent coronary artery bypass surgery. Seven of these nine patients had athlete's foot, which was postulated to be the portal of entry for the agent of cellutitis [1] .
Dermatophytic infection of the feet is usually referred to as tinea pedis. The prevalence of this infection among humans may be as high as 10% [11] . Leyden and Kligman [12] pointed out that great variation exists in the appearance of tinea pedis, ranging from mild scaling to a painful, erosive, exudative inflammatory process. It had previously been assumed that these lesions were caused by dermatophytes. However, careful studies by Leyden and Kligman [12] have shown that while dermatophytes are readily recoverable from patients with mild scaling, bacteria predominate, and fungi are recovered relatively rarely as the disease progresses to exudative, macerated lesions. In these investigators' studies, normal and minimally affected interspaces were colonized with Staphylococcus epidermidis and Corynebacterium species; more-severely affected interspaces were heavily colonized with S. aureus and gramnegative rods. Only 17 (57%) of 30 control KOH preparations were positive. Thus, the term tinea pedis may be a misnomer in many of these cases, and the common lay term athlete's foot may be a better descriptive term.
The results of our study suggest that athlete's foot may be a common portal of entry for microorganisms that cause cellulitis of the lower extremity when cases of cellulitis due to open ulcers, trauma, and peripheral vascular disease are excluded even when few of the patients have undergone coronary artery bypass grafting. The simple, noninvasive technique of swabbing the surface of ipsilateral web spaces affected by athlete's foot in patients with cellulitis confirms that potentially pathogenic bacteria are present on these lesions and that this technique may be as good as or better than aspiration and/or biopsy of the area of cellulitis itself This study like others suggests a predominant role in cellulitis for gram-positive bacteria, particularly ,8-hemolytic streptococci [7] [8] [9] . Although this fact is not generally appreciated, non-group-A isolates are frequently isolated from areas of cellulitis of the lower extremities; 13 of 17 /3-hemolytic isolates in this study were non-group-A streptococci [13] . The high incidence of elevated titers of ASO among our patients with '3-hemolytic streptococcal isolates and the absence of ,3-hemolytic streptococcal isolates in controls with athlete's foot who did not have cellulitis supports the concept that 0-hemolytic streptococci are invasive agents of cellulitis. The elevated ASO titers found for patients with cellulitis contrast with the finding for patients with streptococcal pyoderma, in whom the ASO response is notoriously weak [14] . This may be related to the greater invasiveness observed in cases of streptococcal cellulitis.
The implications of this study are as follows: (1) coexistent athlete's foot should be suspected in all cases of cellulitis of the lower extremity that are not due to trauma, open ulcers, or ischemia; (2) bacterial cultures of the ipsilateral interspace(s) affected by athlete's foot, combined with serial determinations of ASO titers, may reveal the microbial etiology of the cellulitis; (3) therapy directed towards gram-positive organisms, particularly /3-hemolytic streptococci, should be adequate in most cases; and (4) primary care physicians should regularly examine all patients' feet for the presence of athlete's foot.
